Abstract Agricultural policymakers are addressing the sustainable development issue by designing new agricultural systems. Farmers are ultimately asked to make deep changes at field scale. Designing cropping systems has previously been done using prototyping methodologies. Prototyping methodologies use a five-step designing process at field scale and request multicriteria analysis of the resulting prototypes. However, sustainable dynamics implies considering changes at larger scales, farm and region, as well as creating feedback and facilitating participation of all the stakeholders involved in the process. Here we studied citrus production in Guadeloupe, French West Indies, where farmers must reduce pesticide loads despite unresolved weed control issues. We designed the DISCS method, which stands for "participatory redesign and assess innovative cropping systems", to improve classical prototyping methods by implementing a multi-scale, multi-stakeholder, participatory approach. Compared to classical prototyping methods, the DISCS method differs by implementing three progress loops, at experimental field, farm, and regional scales. Three categories of professional stakeholders are involved: farmers, researchers, and agricultural advisers, who are collectively in charge of designing and testing cropping system prototypes. In addition, local public stakeholders including representatives of state institutions are consulted. Progress is assessed using scale-specific sets of indicators. The DISCS method was applied to develop lowpesticide citrus cropping systems. Five weed control prototypes were jointly designed by citrus farmers and researchers, and two multicriteria assessment tools were built for use at the experimental station and on the farms. Results show that involved farmers transferred the new techniques to their own farms on their own initiative, thus spontaneously becoming pilot farmers. The DISCS method is therefore the result of a codesign process between farmers and researchers. The DISCS method creates an ongoing dynamic relationship between agricultural and public stakeholders to build a solution that can continuously be adjusted to stakeholders' expectations.
Introduction
As the "sustainable development" paradigm takes over the world, agricultural policy makers are responding by calling for more sustainable agricultural systems. In this context, redesigning cropping systems has become a major challenge for agricultural professionals, and for the last decade, agricultural researchers have been developing prototyping methods and tools to facilitate the design of innovative cropping and farming systems (Vereijken 1997) . The task is challenging indeed: Innovation is expected to solve field scale constraints that originate at larger scales, at the end of a cascade of injunctions resulting from an initial call at planetary scale. In a nutshell, farmers are asked to make deep seated changes in their practices to address the global issue of world scale pollution. In return, changes made at field scale lead to "cascading effects" across scales of space and time, as well as across ecological, economic, and social domains (Kinzig et al. 2006) . In this paper, we illustrate such top-down planning for sustainable agriculture with the case of citrus production in Guadeloupe (French West Indies). At French national scale, the State ruled that pesticide use must be reduced by 50% before 2018 (Ecophyto 2008) . This national objective is enforced by public agricultural counselors at regional scales, which means that, eventually, all Guadeloupian farmers will have to reduce their use of pesticides. The challenge of inventing adequate new cropping systems will be addressed later on in this paper, but for now, let us assume that all Guadeloupian citrus farmers do reduce their use of pesticides by 50%. As a result, changes would also be expected in the whole farming system, in the quality of the fruit and in the pesticide industry. These could be a few of the "cascading effects" (Kinzig et al. 2006 ) that are mostly unpredictable but would nevertheless influence the general sustainability of the modified regional socioeconomic and agricultural landscape. This drives a need for dynamic, non-linear, multi-stakeholder, and transdisciplinary approaches (Veldkamp et al. 2009 ) to sustainable development, so as to preserve the structure, identity, and functions of a "social-ecological system" (Walker et al. 2004 ; Fig. 1 ).
In agriculture, prototyping methodologies usually draw on a well-tried step-by-step path for designing agricultural systems that has already been used in different approaches to developing sustainable farming systems (Lançon et al. 2007; Sterk et al. 2007; Blazy et al. 2009 ). In this type of prototyping methodology, the goal for agronomists (and other scientists) is to produce a new complete arable farming system (Vereijken 1997) or cropping system (Lançon et al. 2007) , which can be implemented on the farms after completion of a prototyping process. In addition, prototyping methods require multicriteria evaluation of innovative prototypes. To this end, several complex assessment tools based on a set of indicators have been developed for the assessment of practices at field scale (Bockstaller et al. 1997) , at farm scale (Meul et al. 2008) , and for ex ante assessment of cropping system prototypes (Sadok et al. 2009 ). The method for designing (Bockstaller and Girardin 2003) and validating (Cloquell-Ballester et al. 2006 ) assessment indicators has already been formalized. In these methodologies, farmers mainly play the role of consultants. However, sustainable dynamics implies considering changes at larger scales (farm and region) as well as creating feedback and facilitating the active participation of all the stakeholders involved in the process.
Reasons for adopting "participatory approaches" vary widely (Leeuwis 2000) . On the one hand, ongoing learning among different stakeholders involved in an evolving system facilitates cross-scale feedback on changes in a system (Carpenter et al. 2001; Veldkamp et al. 2009 ) as well as negotiation when this is necessary (Rossing et al. 1997 ). On the other hand, involving end users of an invention or a tool in the design process should ensure the innovation is appropriate and ensure its appropriation (Cox 1996; Cardoso et al. 2001; Meynard et al. 2002) . In recent years, calling for more involvement of farmers has become a leitmotif in reports on the design and assessment of decision support tools (King et al. 2000; Meynard et al. 2002; Lopez-Ridaura et al. 2002; Nolot and Debaeke 2003) . King et al. (2000) highlighted the need for participatory processes enabling the joint definition of indicators by farmers and scientists, in order to (a) benefit from farmers' expertise and (b) give farmers ownership of the indicators. Nolot and Debaeke (2003) suggested that involving the producers in the process of building the indicators helps ensure the producers have confidence in the indicators' outputs.
Prototyping methodologies have therefore proved useful for designing new cropping systems, and multicriteria assessment tools have enabled full evaluation of innovative prototypes. However, transitions between scales (field to farm to region) are difficult to address using such approaches, mainly because the focus is on the agricultural problem at field scale and because farmers and non-agricultural stakeholders are not sufficiently involved. Here our aim was to adapt this prototyping method for use in a sustainable development process. The method was improved in three ways: (a) by involving farmers in the design process, (b) by involving public stakeholders and organizing communication and negotiation, and (c) by starting an ongoing dynamic process that corresponds to sustainable development.
The improved participatory re-design and assess innovative cropping systems (DISCS) method we present here was conceptualized and applied to the case of citrus production in Guadeloupe (French West Indies). As they are obliged to move toward a reduction of pesticides in accordance with French regulations (Ecophyto 2008), citrus producers face unresolved technical difficulties and are struggling to promote the quality of their products on the local market. The DISCS method was therefore used to develop more sustainable cropping systems based on reduced use of pesticides.
Such a method must be flexible enough to be used in different contexts and for different kinds of problems. While following the path set by the DISCS method, we gained insight into the potential generic extent of the methodological choices that were made at each step of the ongoing process in this case study.
Material and method
In this section, we first present the DISCS method and then describe how it was applied to Guadeloupian citrus production.
DISCS method
With the DISCS method, the aim is not to design a whole new cropping system but rather to focus on one key aspect that needs improving and to proceed by involving the stakeholders who may eventually be affected by changes in agricultural practices. The DISCS method we describe here is part of the family of prototyping methods defined by Vereijken (1997) . The original five-step method proposed by Vereijken (1997) was followed, with some modifications. In Vereijken's original method, first, a hierarchy of objectives is established; second, the objectives are transformed into a set of multi-objective parameters and methods to achieve them; third, a theoretical prototype is designed; and fourth, tested and improved. The fifth step consists in the dissemination of the prototype, which is expected to take place by diffusion from a group of pilot farms to other farms in the area (Vereijken 1997) . The DISCS method goes beyond Vereijken (1997) by explicitly organizing collaborative work between different categories of stakeholders and by introducing loops of iterative, gradual improvement, at steps 3, 4, and 5 (see Fig. 2 ).
In our method, four categories of stakeholders are involved: first, farmers, who are the initial and final designers as well as being responsible for and involved in daily agricultural practice; second, researchers, who provide scientific knowledge and conceptualize methods and tools; and third, agricultural advisers, who provide local technical knowledge and transfer scientific results to farmers. We refer to these three categories combined as "professional stakeholders." The fourth category comprises stakeholders who are not involved in agriculture by profession but are part of the regional socioecological system, are concerned by the general orientation of regional development, and may be affected by changes resulting from modifications made at field scale. "Public stakeholders" include representatives of the State and regional institutions and representatives of civil organizations, as well as of the agricultural sector. In the DISCS approach, all stakeholders (whether public or professional) are involved at the local scale: They all gather for public meetings, at which smaller groups are extracted to attend more specific workshops. The diagnosis in step 1 has a dual aim: First, to analyze the existing agronomical situation and, second, to generate multi-stakeholder interactions. Before engaging in the actual prototyping process at field scale, step 1 is implemented at regional scale, so that all public stakeholders can express their points of view on and interests. When the results of the diagnosis are presented to the community, feedback from the many different stakeholders may finally lead to their sharing a common analysis of the situation.
Step 2 is the transition from regional scale public debate about regional issues, to field scale planning for the design of innovative cropping system prototypes. Accordingly, step 2 is split into two sub-steps. A first workshop is organized during which representatives of public and professional stakeholders negotiate the objectives for re-designing cropping systems, capitalizing on the results of the diagnosis. Later on, professional stakeholders only meet to collectively design suitable "experimental prototypes" for cropping systems that integrate innovative techniques.
In step 3, the prototypes are implemented and tested by researchers at an experimental station. When they have been validated, the selected prototypes are "transferred" to pilot farmers and adjusted to existing farming systems, at step 4. A to-and-fro movement between steps 3 and 4 (see Fig. 3 ) continues until a new cropping system has been characterized and validated by the researchers and the farmers and put into practice on the farms.
Finally, the effect of changing practices at farm scale is evaluated at regional scale, and the results are presented to public stakeholders, at step 5. A new regional diagnosis is then performed to re-orientate the ongoing dynamics at this scale. The challenge is to continuously take action at field scale in response to continuous developments at regional scale.
The innovative prototypes are evaluated at each step. Multicriteria assessment tools are designed to account for different and possibly conflicting objectives. Here, three distinct evaluations are required. Ad hoc assessment tools are designed by the researchers, but the process should involve their end users to facilitate their appropriation.
Different users need different assessment tools. These tools may differ in nature (i.e., all the assessment criteria will not be appropriate at each scale) and in the level of aggregation (when more or less detailed information is needed at different scales) (Stein et al. 2001) . At the scale of the experimental station (step 3), the assessment indicators that comprise the monitoring tool may support a high level of complexity and require a lot of precise input data. However, at regional scale (step 5), the tool's indicators need to provide information that can be understood by public stakeholders. While they may support a lower level of technical acuity, they should offer a straightforward comparison of different possible technical pathways to achieve ecologically and socioeconomically sustainable objectives. These are indicators with a high level of aggregation. At farm scale (step 4), the monitoring tool is a decision-aid tool for Fig. 3 The DISCS method. Steps 3, 4, and 5 consist of progress loops running at the same time. Between the research experiments and the on-farm trials, a to-and-fro movement enables continual adjustment of the prototypes (a) farmers. The indicators require a balance between accuracy and ease of use.
Case study
The DISCS method was used to address the Guadeloupian citrus production issue. Applying this method implied making methodological choices which depended on the specific context and the means available. During the implementation process, the "material" used at each step (specially designed prototypes and assessment tools, the composition of the stakeholders' workshops) had been produced during preceding steps. The "material" we present in this section is thus strictly limited to the overall implementation of the method. Material that resulted from the ongoing innovation process will only be presented (as we progress) in the "Results of the case study and discussion" section.
In the 2007-2013 Guadeloupe rural development program, upport for the citrus industry is a priority to enable the local demand for citrus fruits to be satisfied, this market currently mostly being covered by imports. This requires producers to reduce the use of pesticides, in accordance with French objectives (Ecophyto 2008) . This ruling was introduced at a time when citrus producers are still facing unresolved technical difficulties and are struggling to promote the quality of their products on the local market. The main concern in re-designing citrus cropping systems is therefore to develop lower-input cropping systems with improved economic and quality performances, in a move toward sustainable citrus production in Guadeloupe.
Public stakeholders are represented by agents from State administrations, Guadeloupe's National park and local associations. The research team works at CIRAD's experimental station in Vieux-Habitant, in the citrus production area on the west coast of Guadeloupe, 16°N, 61°W, where experiments on tropical fruit cropping systems are performed. Finally, regional citrus producers were classified according to their farming systems. Based on a survey of 41 citrus producers interviewed by a research team in 2006, a typology of farming systems was established: For the "citrus growers" category, growing citrus fruits is the main or only activity; "dual producers" have two main agricultural activities, citrus being the second crop; "diversified producers" have at least three agricultural activities, with citrus as one diversification crop among others (Le Bellec et al. 2011 ).
Step 1. Diagnosis
The diagnosis was performed by researchers. The aim was to identify the farming strategies that citrus growers use and the constraints they face. An original typology of cropping practices was based on comparison with a reference crop management (RCM) that had been diffused to all citrus growers a few years earlier. This method of diagnosis was chosen to assess the relevance and the performance of the RCM, while revealing the main constraints facing citrus growers that the RCM had failed to solve. The original method is presented in a companion paper (Le Bellec et al. 2011) .
The RCM covers five main combinations of cropping practices. For every farm visited, the survey evaluated whether the reference crop management was respected for each of the five combinations of cropping practices. In addition, two levels of performance were expected from citrus crop management: (a) to reduce pesticide use and (b) to improve the yield and the quality of the fruit. At each orchard visited, these two performance criteria were evaluated using two indicators: (a) the indicator used by the State services, treatment frequency index (TFI), was chosen to evaluate the level of pesticide use and (b) a visual estimation of the state of health of the trees accounted for the potential profitability of a tree.
Step 1 ended with a progress meeting that assembled professional and public stakeholders during which the results of the diagnosis were presented.
2.2.2
Step 2. Objectives, assessment criteria, and design of the prototypes Two workshops were held, one only with professional stakeholder and the other with a group of public stakeholders. The mandate of the participants in the "professional" workshop was to focus on the design of cropping system prototypes. It included three producers, each representing one type of citrus farmer (according to the established typology of farming systems), one local agricultural adviser, and two agronomical researchers from the local experimental station. The public workshop was extended to include representatives of all public stakeholders, including stakeholders from the professional workshop. The aim was to establish objectives for the new cropping systems based on an integrated regional perspective. While all members of a workshop were originally invited by the research team, it was then up to invited members to complete attendance through a co-optation process.
Step 3. Research loop
Experiments were performed by the research team at the local experimental station. Testing and adjusting the experimental prototypes followed a plan-do-check-act process.
An ad hoc assessment tool for evaluating the performance of the prototypes was designed by researchers. To validate the performance objectives chosen at step 2 compared with existing cropping systems, the observed results then underwent multicriteria analysis using the specially designed assessment tool.
Step 4. Development loop
The design of the decision-aid tool was directed by the research team, but an attempt was made to extend the design team to other "professional" stakeholders. Following the proposal of Bockstaller et al. (1997) , all step 4's indicators were designed to display a score ranging from 0 to 10, in order to make the performance of each indicator easy to understand, while the homogeneous display makes the results of different indicators easy to compare.
The researchers were the designers of this assessment tool. However, they presented some of the indicators at a technical workshop that included final users of the tool. Selected indicators were thus either presented to their final users, or subject to collective debate and correction.
3 Results of the case study and discussion
The DISCS process was set in motion in 2006 and is still running at the time of writing (2011); its chronology is detailed in Fig. 4. 3.1 Step 1. Diagnosis: comparing farmers' practices with a reference crop management
The results of the initial diagnosis are detailed in Le Bellec et al. (2011) . The diagnosis concluded that the two main technical constraints that needed to be overcome to improve Guadeloupian citrus cropping systems were (a) the fact that many fields cannot be mechanized due to steep slopes and stony soils and (b) the lack of producers' specific skills concerning the use of chemical products in the management of the orchards. According to these results, it was collectively agreed to focus the redesign process on developing an alternative low-input weed control that is compatible with the impossibility to mechanize. Fig. 4 Chronology of the re-design of citrus production using the DISCS method. Public and agricultural stakeholders were involved during progress meetings (a) and participatory workshops (b). A preliminary diagnosis was needed before designing the prototypes (c).
Step 2 started after the diagnosis (d) and continued when step 3 had already begun, to sort out assessment criteria (e).
Step 4 started with the design of the farmers' decision-aid tool while step 3 was still running (f )
The leading stakeholders at this step were the researchers who collected and analyzed field knowledge.
Step 1 concluded with a progress meeting in November 2006, attended by 50 professional and public stakeholders, when the results of the diagnosis were presented (Fig. 4) . Public (agents from State, regional, and civil institutions and organizations) and professional (farmers who had been interviewed, local agricultural advisers, and researchers from local institutes) stakeholders attended this progress meeting. Presentation of the results enabled all the participants to reach a common understanding of regional stakes and local field constraints. This was important for later on convincing stakeholders to participate in workshops organized during subsequent steps. This method of diagnosis was successful in highlighting a key aspect of local cropping systems that could be the first focus of a step-by-step redesign process. However, this method of diagnosis is limited to contexts where a RCM has already been diffused. With a view to further agronomical diagnoses, more participatory methods could be used (e.g., Girard 2006) , which would enable finer analyses of cropping practices. However, a balance must be found between the need to prepare a solid basis for an appropriate innovation process and the need to get started.
Step 2. Objectives, assessment criteria, and design of the prototypes
The actual design started at step 2. To enable collective work, a limited number of different stakeholders were invited to attend workshops. However, in the meantime, at the researchers' initiative, preliminary research had been conducted on the feasibility of solving the mechanization problem by planting a ground cover as a weed control strategy. A second public progress meeting was held in November 2007, when the researchers presented their research results as a possible answer to the redesigning issue (Fig. 4) .
In June 2008, a "professional workshop" and a "public workshop" were held. When the professional workshop met, the technical constraints that had been identified by the diagnosis (step 1) were discussed again and transformed into five sub-objectives for the experimental prototypes: (a) controlling soil erosion, (b) reducing the need for pesticides, (c) reducing the impact of pesticides, (d) maintaining good yields, and (e) achieving reasonable water use. The five experimental prototypes that were collectively designed differed in ground cover management techniques: One prototype involved the systematic use of a herbicide (prototype GLY); two prototypes involved managing weeds using a spontaneous plant cover, either perennial (prototype PV) or annual (prototype AV); and two prototypes involved sowing a ground cover plant, again perennial (prototype PNeo) or annual (prototype ANeo). Control prototype GLY accounted for the citrus producers' current practices and set the reference for future assessment and comparison of the prototypes. Prototype PV was the reference crop management (Le Bellec et al. 2011) .
The public workshop originally included, at the research team's invitation, a farmer, an adviser, and a researcher who had attended the professional workshop, along with a consumer, a member of the public administration, and an agent from the National Park. During this public workshop, the sub-objectives defined during the professional workshop were validated. In addition, considering the wider regional perspective, three complementary sub-objectives were added to improve the new cropping systems at farm scale. These were (f) reasonable energy use, (g) ensuring profitability, and (h) maintaining a social balance. Moreover, the participants felt the need to address the quality aspects of fruit production. They consequently co-opted two more participants (a salesman and a health professional) to the workshop. For these reasons, a second public workshop was convened a few months later, in April 2009. The new focus on the quality aspect led to adding a quality and security indicator to the list. This criterion was subsequently revealed to be particularly important, as it helped focus on the economic value of citrus production. This "quality" criterion provided matter for a debate that involved every single stakeholder. The final list of sub-objectives and criteria for evaluating the experimental prototypes (step 3) and the new cropping systems (step 4) was only completed during the second meeting of the public workshop, after step 3 had started. Table 1 lists the sub-objectives. The corresponding assessment indicators were chosen or designed at steps 3 and 4.
DISCS's fundamental principle is to proceed step by step and to only develop innovative proposals that producers are willing to test in their own fields. The local approach used in our case study proved to be effective as it led to the immediate appropriation of the suggested innovative techniques (discussed in the following sections) by local farmers. However, other approaches to the design of prototypes may call for experts who are external to the regional system (Lançon et al. 2007 ): This may ensure that newer or more inventive prototypes are designed. While the possibility of calling on international experts or using models to design innovations should not be overlooked, we recommend it be done only after a local multi-stakeholder dynamics have been created.
3.3
Step 3. Research loop: trials and multicriteria analysis of the experimental prototypes At this step, researchers took over experiments on the prototypes. A multicriteria assessment tool was built by the research team according to the guidelines defined at step 2. It included seven composite indicators; each one of which was either selected or specially designed for evaluation at Table 1 Objectives of an innovative citrus cropping system and corresponding assessment indicators identified at steps 3 and 4
Objectives Criteria

Indicators
Step 3
Step 4 NPI Nectar Provisioning Indicator, GAP-I good agricultural practices indicator, TFI treatment frequency index, IPERF performance indicator, IWATER water supply indicator, CED cumulative energy demand, ICOST cost indicator, ILABOR labor indicator, API agricultural practice impact, IPHY pesticide indicator, QSI quality and security, EE economic efficiency, EA economic autonomy, LC labor conditions, LI local industry step 3 (see Table 1 , column "step 3"). The characteristics of the indicators are listed in Table 1 . For objectives 7 and 8 (Table 1) , two indicators (ICOST and ILABOR, respectively costs and labor indicators) were added to balance the evaluations at steps 3 and 4. Although this step was managed by the researchers, validation and selection of the best prototypes also involved the farmers. Consequently, the assessment tool for step 3 was designed to assess performances and to provide farmers with a comparative analysis to enable them to make a well-informed choice at step 4. A detailed analysis of the results of step 3 and the building of assessment indicators is presented in Le Bellec (2011) . Based on the results of a previous study (Le Bellec et al. 2010a) , Neonotonia wightii Wight and Arnott (Fabaceae) was selected as a perennial ground cover plant for weed control without mechanization. All five prototypes were repeated five times, tested, and compared in a young orchard (planted in January 2008) from August 2008 to December 2010. The five prototypes complied with the reference crop management and only differed with respect to weed control. The expected impacts were then monitored using the multicriteria assessment tool.
All three experimental prototypes had advantages and drawbacks. AV performed better in terms of growth and water needs in young orchards. Moreover, being close to the "reference practice" recommended by the reference crop management, one main advantage of AV was its limited need for new investment. Several farmers expressed interest in implementing this weed control technique in their orchards. PNeo enabled weed control without the use of herbicides. Despite PNeo's poor IPERF result, the competition between the cover plant and young trees could be avoided by only planting it in adult orchards (based on results in Le Bellec et al. (2010a) ). Finally, despite the fact that ANeo had the second highest TFI (pesticide indicator) value, it achieved acceptable good agricultural practices indicator and performance indicator results and had the lowest cost indicator and labor indicator values ( Table 2) .
The final indicators were presented to an assembly of public and professional stakeholders in November 2010 (Fig. 4) . Comparative analysis of the prototypes led the researchers to identify and present prototype ANeo as the best alternative to current practice (GLY). The indicators used by the researchers at this step supported a high level of complexity and required a lot of precise input data, which were available at the experimental station. The resulting analytical grid proved to be a good support for the researchers to explain the prototypes' comparative strengths and weaknesses to a large mixed public and professional audience. On the other hand, informal exchanges between the researchers and a small group of around ten local citrus growers had already taken place at the experimental station. Here, the strong local integration of the experimental research station should be highlighted. Even though the experiments were only conducted by researchers, communication with farmers continued while the experiments were underway. The station was open to visits and farmers were able to follow the progress of the trials. This explains the growing interest in the cover plant alternative for weed control expressed by some producers, even before the end of trials.
3.4
Step 4. Development loop: design of a decision-aid tool for farmers
The research team first designed a ten-indicator-assessment tool, based on the criteria selected during the public workshop at step 2. Two out these ten indicators were submitted to group consultation during technical workshops. The two successive Figure 5 shows how the initial structure of LC indicator changed following agreements reached during this workshop. The LC indicator remained the subject of discussion for several days, attesting to the involvement of the farmers, whereas the IPHY indicator elicited no additional comments. We interpreted the difference in the farmers' attitude to the two indicators as a beginning of appropriation of the LC indicator by farmers that was facilitated by their involvement in the design of the indicator. Such a result corroborates the recommendations of other authors for the collective design of decision support indicators (King et al. 2000) . Although it may not appear reasonable to co-design all the indicators required, when developing decision-aid tools, we recommend considering collective design as often as possible. In the present case, for instance, converting IWATER and CED into qualitative indicators (which implies setting meaningful reference values) will be done collectively.
The set of indicators used for the present study is still incomplete. The existing set will be extended during the course of the innovation process, and as the technical issues become more and more clear-cut, the selection of existing indicators and their need for adjustment to the specific context will be clarified. The indicators that were developed for the present study may be useful in other contexts, but they would almost certainly need to be adapted.
In the further development of the DISCS farmer targeted decision-aid tool, two aggregation levels will be introduced to give users both an overview of the performance of a cropping system and to enable them to focus on the details of certain aspects (Meul et al. 2008) . One "display level" will summarize the performances of a cropping system with respect to the goals set at step 2. At the second level, an "interpretation level," the variables will be less aggregated so that points that require more action to improve their performance will be apparent.
Spontaneous appropriation
Even before the end of the experimental trials (step 3), the PNeo prototype was put into practice by one citrus farmer in 2008. His positive feedback concerning the efficiency of the cover plant for weed control and the apparent lack of impact on fruit yield after 2 years encouraged two more citrus farmers to plant N. wightii as a ground cover before the end of 2010. It is remarkable that all three producers belonged to the "citrus growers" category in the farm typology (step 1), i.e., those most involved in citrus production. Moreover, the first producer to implement PNeo had participated in the "professional workshop" at step 2, while one of the other two farmers had attended the indicator co-designing workshop at step 4. All three producers had attended annual report Fig. 5 Co-building the labor conditions indicator. An initial selection and organization of field accessible criteria was performed by the researchers. This result was presented to a group of ten farmers: selected criteria, missing criteria, reference values, and the hierarchy of the criteria were discussed. A new farmers-researchers workshop is planned to validate the final aggregation performed by the researchers meetings and visited the trials at the experimental station (step 3). This not only emphasizes the positive effect of involving the producers in the design (already demonstrated by other approaches, e.g., Cardoso et al. 2001 ) but also the efficiency of the demonstration on "pilot" farms in motivating other farmers.
Toward step 5
Only when the cropping systems of the farmers involved in the project have been adapted to include new cropping practices can they be considered as innovative cropping systems. Further transfer to farmers who are not involved in the project occurs either by diffusion or by extending the pilot farmer network. Feedback from the case study was not available at the time of writing. But, as explained at step 4, we expect the characterization and improvement of fruit quality to be the next urgent problem to be addressed in this researcher-farmer innovation process. It is necessary that a process coordinator be designated. This coordinator can then legitimately decide to proceed with a new regional diagnosis and evaluation when he or she considers that the innovation has been well implemented in the region. In the present case study, a researcher played this role, and he benefited from having an overview of the innovation process at each stage of the process. However, the coordinator can be any stakeholder who is involved. An alternative way to determine the right time to introduce a new innovation progress loop would be after a periodic (annual) regional evaluation, but this appears to be too demanding to be feasible.
Conclusion
The DISCS method mainly relies on the mobilization and coordination/animation of a network of different stakeholders, who are involved at different steps and to different extents. This is both the main strength and a major difficulty involved in achieving a sustainable innovation process. Involving a wide range of local stakeholders implies finding compromises between the main interests of different stakeholders (whether abolishing the use of pesticides, or improving the economic value of the product, or addressing a major phytosanitary issue). Besides, the inevitable delays associated with organizing meetings of stakeholders may slow down the process. The difficulty is also for a (local) research team to address issues related to a wide range of disciplines: In the present case, the same team would not be able to address the quality issue alone.
On the other hand, involving farmers from the beginning of the process certainly facilitated the diffusion of new techniques. An additional benefit of this multi-stakeholder approach was the emergence of a local dynamics that facilitated dialogue and mutual learning and that we believe will enable the innovation process to continue, new issues to be tackled, and maybe to give a bigger role to other stakeholders, for instance in valorizing the quality of local fruits.
Finally, in contrast to the classic "top-down" approach to agricultural innovation, i.e., researchers innovate, farmers put into practice-the DISCS method is a farmer-researcher co-design process that creates the conditions for an ongoing dynamic relationship between agricultural and public stakeholders to build a solution that can continuously be adjusted to stakeholders' expectations. Nevertheless, a transfer does take place from researchers to farmers, but rather than an "innovation transfer," it would be more appropriate to call it "innovation process transfer." DISCS is therefore a suitable method for improving an existing reference cropping system or current practices. Further research is needed to improve the tools used for environmental diagnosis (Meynard et al. 2002) , to design indicators of fruit quality and to design crop models that are suited to local contexts. Yet, as it stands, the DISCS method should enable stakeholders to choose the right decision-aid tools to solve a specific problem and to ensure that the tools they have chosen are useful when and where they are actually needed, rather than searching a posteriori for possible applications for new tools (Cox 1996) .
